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EFFECT OF SEVERAL WING MODIFICATIONS ON THE SUBSONIC AND
TRANSONTC TLONGITUDINAL HANDLING QUALITIES OF THE
DOUGLAS D-558-IT RESEARCH ATRPLANE

By Jack Fischel and Donsld Relsert
SUMMARY

The subsonic and transonic longitudinal hendling qualities of the
Douglas D-558-IT resesrch asirplasne were measured with seversl wing mod-
ifications designed to alleviate swept-wing instability and pitch-up.
The airplane configurations investigated included the basic wing con-
Tiguration and two wing-fence configurabtions in cambination with
retracted, free-flogbing, or extended slats, and a wing leading-edge
chord-extension configuration. All configuratlons were tested in the
clean condition.

None of the wing modifications had an gpprecigble effect on the
decay in stick-fixed stabilility (pitch-up) exhibited by the airplane st
moderate angles of attack, and all conflgurations were considered by
the pilots to be unsabtisfactory and uncontrollsble in the pitch-up
reglon. Both flight and wind-tunnel results Indicated that the position
of the horizontal tall should be lowered apprecisbly to obtain substan-
tial improvement In longltudinsl handiing quaelities of the airplane.

Wing fences had no spparent effect on airplane buffeting charac-
teristics with slats retracted. With wing slats free to float, the
onset of buffeting was delayed at low Mach numbers, whereas buffeting
was generally serlously sggravated by wing chord-extensions. Fully
extending the wing slabts had no apprecisble effect on buffeting at low
and. moderste 1lifts but delsyed the intensity rise to higher 1ift levels.

The variations and the values over the Mach number range of the
apparent stability parameter %SE, the elevabor control-force parsmeter
e

ar
——, and the airplane normal-force-curve slope CN@ were relgtively

unaffected by any of the wing modifications investigated. None of the
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wing modifications had an apprecilable effect on the trim-stebility
characteristics of the airplane, and all configurations exhiblted sim-
ilar trends over the test Mach number range.

INTRODUCTION

As part of the cooperative Alr Force—Navy-NACA high-speed flight
program, the National Advisory Committee for Aercnautics is conducting
a flight research program at the High-Speed Flight Station, Edwards,
Calif., utilizing the Douglas D-558-II swept-wing research airplane.
During the course of this flight program, the effects of various modi-
fications designed to alleviate swept-wing instebility end pitch-up
were ilnvestigated from stalling speed up to a maximum Mach number of
about 1.0 (refs. 1 to 3). The various airplane configurations investi-
gated are tabulated 1in table I and include the basic wing configuration
and two wing-fence configurations in combination with retracted, free-
floating, or extended slats, and a wing leadling-edge chord-extension
configuration. The low-speed stalling characterlstics of the alrplane
in each of the previously mentioned configurations, with flaps and
landing gear retracted and extended, are presented in reference 4. The
subsonic and transonic longlitudinel handling charecteristics of the air-
plane in each of the configurations investigated are presented and com-
pared in this paper.

SYMBOLS
an normal acceleration, g units
b wing span, ft
ag¥
Cy alrplane normal-force coefficient, s
Cum rate of change of airplane normal-force coefficlent with
dac
angle of attack, EEH’ per deg
c wing chord, £t
c mean aerodynsmxic chord of the wing, ft
dFe
—_— rate of change of elevator control force with normal
dan acceleration, 1b/g
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EEE rate of change of elevator position with airplane normal-

dCy force coefficient, deg

Fo elevator control force, 1b

g scceleration due to gravity, f£t/sec?

hy pressure altitude, £t

1, staebilizer setting with respect to fuselsge center line,
positive when leading edge of stabilizer is up, deg

M free-gtream Mach number

qQ free-stream dynamic pressure, lb/sq £t

S wing area, sq ft

W airplaene weight, 1b

o angle of attack of sirplane center line, deg

Ba elevator position with respect to stebilizer, deg

ATRPLANE

The Douglas D-558-II airplane used in this investigation is equipped
with both a Westinghouse J3L-WE-4O turbojet engine, which exhausts out
the bottom of the fuselsge bebween the wing end the tail, and a Reaction
Motors, Inc. LR8-RM~6 rocket engine, which exhsusts out the rear of the
fuselage. The airplasne is air-lsunched from a Boeing B-29 mother slr-
plane. A photograph of the airplene 1s shown in figure 1 and s three-
view drawing is shown in figure 2. Pertinent airplane dimensions and
characteristics of the unmodified sirplane are listed in table IT.

For the present series of tests the basic clean-wing configuration
and two wing-fence configuretions were investigated in combination with
a slet; an ocutboard wing leading-edge chord-extenslon was also investi-
gated (table I). The fence configurations are shown in figures 3 and L.
The inboard wing fences were incorporated in the original airplane con-
figuration to improve the longltudinsl stebllity characteristics of the
airplane et low speeds and at high angles of attack (a > 10°) when the
wing slats were fully extended (ref. 5). The outboard wing fences were
simllar to the optimum fence configuration developed in the wind-tunnel
investigation of reference 5 for improving the longitudinal stability

i
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characteristics at high engles of attack in the alrplane clean condi-
tion. The wing slats (figs. 5 and 6), may be locked in either the open
(extended) or closed (retracted) position, or they mey be unlocked (free
floating). In the unlocked condition they are normally closed at low
values of angle of attack or normal-force coefficient and open with
increase in angle of attack. The left and right wing slats are inter-~
comnected and always have approximstely the same position.

The wing leading-edge chord-extensions shown in figures 7 and 8
were similar to those tested in the wind tunnel and found to provide an
improvement In static longitudinal stability at moderate angles of
attack (refs. 6, 7, and unpublished data). The chord-extensions were
approximetely the NACA 63-008 airfoil profile in the streamwise direc-
tlon end were faired into the wing profile over the span of the chord-
extensions. In addition, the chord-extenslons were faired Iinto the wing
tips and the inboard ends were flat-slded in the vertical streamwise
plane. For this configuration the wing slats were locked closed and all
fences were removed. Addltlion of the wing chord-extensions incressed
the wing area from 175 square feet to 18l.2 square feet and the wing
meen aerodynsmic chord from 87.3 inches to 90.0 inches. For convenience
in comparing these data with data for the ummodified airplane, however,
all dsbts presented are based on the dimensions of the unmodified

airplane.

The alrplane 1s equipped with an adjustable stgbilizer, but there
are no means provided for trimming out aileron or rudder~control forces.
No aerodynamic balance or control-force boost system 1s used on any of
the controls and longltudinal stlick motion is linear with elevator
motion. Hydraulic dempers installed on all control surfaces ald in
preventing control-~surface "buzz" and mgy influence stick forces at high
control rates. Dive brakes are located on the rear portion of the

fuselage.

INSTRUMENTATION

Among the standard NACA recording instruments installed in the air-
plane to obtain flight deta were instruments which measured the following
pertinent gquentities:

Airspeed
Altitude
Angle of attack
Normal acceleration
Pltching veloclity and accelerstion
Stabilizer, elevator, and slat positions
Elevator control force
All Instruments were synchronized by & common timer.

<N
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The elevator posltion was measured at the inboard end of the con-
trol surface, and the stabilizer position was measured at the plsne of
symmetry. All control positlons were measured perpendicular to the
control hinge line.

An NACA high-speed pitot-static tube (type A-6 of ref. 8) was

mounted on a boom h% feet forward of the nose of the alrplane. The wvane

used to measure the angle of attack was mounted on the same boom about
3% feet forward of the nose of the alirplane. Angles of attack are pre-

sented as measured with only instrument corrections applied. However,
any inherent errors, such as caused by upwash effects, are believed to
have a negligible effect on the analysis of the data. The possible Mach
number errors are about £0.0l 2t M < 0.8 sand sbout +0.02 at M =~ 0.95.

TESTS

The longitudinal hendling qualities of the Douglas D-558-IT air-
plane were megsured with flaps and landing gear retracted in the air-
plane configurations listed in table I.

Longitudinal trim dats ranging from M =~ 0.6 to M =~ 1.l were
obtained with the various alrplane configurations during gradusl climbs
and level-flight speed rumns at altitudes ranging from sbout 28,000 to
39,000 feet. Static longitudinal stabllity and control characteristics
in accelerated flight were determined for each configurstion during
wind-up turns from a Mech number of about 0.4t to a Mach number of 1.0
in the altitude range from 10,300 to 38,500 feet. Data for the higher
Mach numbers were generally obtained at the higher altitudes, and con-
versely. Except for the wing leading-edge chord-extension configurstion,
the girplaene center-of-gravity locatlons ranged from 24.5 to 27.3 per-
cent of the wing mean aserodynamic chord. For the chord-extension con-
figuration, two conditions of sirplane center-of-gravity location were
employed, ranging from 22.6 to 24.7 and from 28.0 to 28.2 percent of
the wing mean serodynamilc chord. (Only a few maneuvers were performed
at the rearward center-of-gravity location, inasmuch as both the results
obtained and the wind-tumnel results of refs. 5, 6, 7, and unpublished
data indicated that the airplane had less static stability for a given
center-of-gravity locatlion when chord-extensions were installed. All
remaining maneuvers with the chord-extensions were subsequently performed
gt the forward cehter-of-gravlty location, which was selected to provide
about the same static stabllity as existed with the unmodified airplane
having)its center of gravity at about 26 to 27 percent mean aerodynamic
chord. .
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At M< 0.9 the turns were performed using only the elevator,
with the stebilizer remsining stationary during the maneuvers at sebt-
tings ranging from about -0.20 to 3.6°. At M > 0.9, the turns were
initisted using the elevator control with the stebilizer stationary;
however, because of the decreased elevator effectiveness and accompa-
nylng large control forces at these speeds, use of stabilizer control
was required during each maneuver to obtain higher 1ift levels and
angles of attack.

PRESENTATION OF RESULTS

Representative stabillty data plots, 1llustrating the character-
istics of each of the configurations of the D-558-II airplane during
wind-up turns st various Mach nunbers, are shown in figures 9 to 1lb and,
for convenience, are tabulated In takle I. Some of these data were
presented previously in references 1 to 3, and are reproduced in this
paper, as measured, for illustrative purposes. As such, the date of
figures 9 to 14 include the dynamic effects of pitching, therefore are
not for static conditions, particularly at the higher angles of attack.
To compare the stick-fixed stability data of the several configurations
for comparsble static conditions (zero pitching acceleration), repre-
sentative variations of elevator position with angle of attack at two
Mach numbers are shown in figure 15. The buffet boundaries of the var-
ious airplane configurations Investigated are presented in figure 16.
The low-l1ift stability parameters of the ailrplane in each of the several
configurations are presented in figures 17 and 18, and the elevator trim
characteristics are presented in figure 19. Relatlive elevator-stabilizer
effectiveness characteristlics over the test Mach number renge are shown
in figure 20. '

DISCUSSION

High-Lift Characteristics

Pitch-up characteristics.- In general, the data of figures 9 to 14
indicate the airplane has reasonebly linear stebility (as exhibited by
the variation of B, with o) and 1ift characteristics from low to

moderate angles of attack. These characteristics become nonlinear at
the higher v:Jlues of o for all configurations. It may be observed in
many of the maneuvers of figures 9 to 1k that, when Cy reached moder-
gte values, the relative increase in o and Cy was grester than the
increase in ®p, indicating a decrease in stick-fixed stabillty and the
onset of a pitech~up. In some Instances, because the data of figures 9
to 14 are not corrected for pltching acceleration effects, the piton-up




N - BM ESGC30° N 7

appears to be accentuated by the reversasl of control and the continued
T es3e in o apd Cy. In other Instances, after the initisl decrease
atabillity and accompanying pltch-up, a retrimming effect is apparent,
wi.n the airplane regaining stability at higher angles of attack (for
example, fig. 12(d)). These effects have been discussed in references 1
to 3 for most of the wing modificetlons tested and are, perhaps, more
readily apparent when the data are corrected to static conditions
(fig. 15). In general, none of the wing configurations provided toler-
gble behavior or measursble improvement compared with the basic wing
confilguration; however, some reduction In divergence rates was noted
below a Mach number of 0.80 with slats extended and chord-extensions
(fig. 15). Over a Mach number range from 0.8 to 0.95, all configura-
tions were characterized by an sbrupt change In stability &t the pitch-
up. At all speeds the pllots reported experiencing a lightening of the
stick-force gradient prior to, or accompanying, the reduction in stick-
fixed steblility. The reduction in the stick-force gradient tended to
aggravete the pitch-up tendency by allowing the pllot to increase the
control rate with little or no additional effort.

Invariably, the pilots felt they had litile or no control over the
magnitude of the overshoot load factors once the pitch-up region was
penetrated, and they tended to apply excessive corrective control to
recover. As a result, in all configurations the pllots considered the
airplane to be completely unsatisfactory and uncontrollable in the
pitch-up region, particularly during combat-type maneuvers, and probebly
quite dangerous at the low altitudes. On the basis of wind-tunnel tests
performed on a model of the D-558-II airplane (ref. 9), as well as other
wind~-tunnel and flight Investigetlons, it has been concluded that with
the present taill configuration of the D-558-II ailrplane {height above
wing-chord plane extended -1s about 0.698), a real cure of the pitch-up
is not feaslble. Lowering the horizontal tail to approximstely the
helght of the wing-chord plsme extended would be required to obtain sub-
stantial improvement in alrplane longitudingl handling quslities.

Although some slight differences exlsted between the resulis for
the various configuratlons, the values of Cy at which the stabillty
decreased and piltch-up ensued varied from spproximately 0.7 at M = 0.5
to spproximstely 0.6 at M = 0.8 and approximately 0.5 at M = 0.95.
At M > 0.95 an abrupt increase in the values of Cy for pitch-up
occurred and, generally, these values were gtbalned only infrequently
in the reported tests (refs. 1 to 3).

Buffet characteristics.- In general, the decresse in stability and
the onset of plitch-up for each configurgtion were only sllightly preceded
by, or almost coincided with, the onset of buffeting of the airplane.
The levels of Cx at which the onset of buffeting occurred are shown
in figure 16 as a function of Mach number for all configurations except
the slats-extended configuration. With the slats fully extended,

. - —




8 AR NACA FM E56C30

moderate buffeting appeared to exlist over most of the lower and moderate
11ft range. It was found that the wing fences alone had no effect on
the buffeting characteristics. Unlocking the wing slats tended to delsy
wing separation effects to higher 1ifts, thereby causing the onset of
buffet to occur gt higher 1ift levels for M < 0.7. The level of 1lift
coefficients for the stert of buffeting with wlng chord-extensions was
lowered somewhat below M = 0.8, compared with the umnmodified airplane,
and the pllot objected to the increase in buffet intensity, which was

on the order of +0.5g at an altitude of about 30,000 feet. At M < 0.85,
with either the chord-extension configurstion or when the slats were
retracted, the buffet-intensity rise occurred at s normsl-force coeffi-
cient of about 0.05 above that for the onset of buffeting. When slats
were unlocked (free floating) or fully extended, the increase in buffet
intensity occurred quite graduvally with increase in Cy, and the bound-
ary for intensity rise varied from Cy =~1.0 at M =0.5 to Cy=0.75
at M = 0.85. In the transonic region ebove M = 0.85, the buffet
intensity rise for all configurstions occurred at Cyi = 0.5, or greater.

In none of these configurations dld the pllots consider the onset
of buffeting to be an adequate warning of the impending piltch-up during
an gcceleragted meneuver. Because of the alleviation in buffeting and
in pltch-up divergence rates with slats fully extended, the pilots
thought this modification provided the most improvement to the longlitu-
dinal hendling characteristics of the airplane. Conversely, the pilots
considered the chord-extension configurstion to be the most cobjecticnable,
despite some alleviation in the piltch-up divergence rate, because of the
severity of buffeting.

Low-Lift Charscteristics

Stabllity parameters.- The varistion of the sirplane normal~force-~
curve slope Cf, Wwith Mach number for each of the configurations
investigated 1s shown in figure 17. Within the accuracy of determina-
tlon end within the scatter of CNd values shown, unlocking the wing
slats had a negligible effect on Cy (figs. 17(a), (b), and (c}). The
value of CNd for the basic wing configuration increased from aspproxi-

mately 0.065 at M = 0.4 +to about 0.093 et M = 0.9, then decreased
with further increase in Mach number.

Except for glight differences, the other configurations showed
similar trends and values of CN over the test Mach number range. A

notsble difference in the values of Cy = can be observed at M < 0.65,

where the two configurations with slats fully extended (figs. 17(d) and
17(e)) exhibited somewhat higher values than the other cunfigurations
investigated. The reasons for this effect are not apparent.
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as
The variatlon of the spparent alrplane gtability parameter d—Ce
N
and. the elevator conbrol-force parameter Fe with Mach number for each

of the configurations is shown in figure 18. TFor Mach numbers up to

gbout M = 0.7, the values of % and & of the basic wing config-

uration are substantlally constant at about 10 and 12, respectively,

(fig. 18(a)). At M 2 0.7, the values of both parameters increased
das

rapidly with increase in Mach number, and at M = 1.0, —E =~ 60 end

-GEQ ~ 130. In the variations with Mach number of both parameters,

unlocking the wing slats produces no gpparent effect. As discussed In
reference 10 for the airplane configuration incorporating inboard fences

on the unmodified wing, most of the increase in g's—e- and -dﬂa- at
dCy dan

M S 0.85 may be attributed to an incresse in airplane stability, inas-
much as the change in elevator effectiveness is not appreclable in this

range. At M 2 0.85, however, a large decrease in elevator effective-
ness is expected as M iIncresses, and reference 11 indicates appreci-
able increases in airplane stability in this range; therefore, the large
increases noted in the spparent stick-fixed and stick-free parameters

at M £ 0.85 probably result from these dusl effects.

In general, little or no effect of modifylng the basic wing config-
uration was shown by the variations of the spparent stick-fixed and
stick-free stability parameters over the test Mach number range (fig. i8).

-die- and. Ee_ for the warious
acy dan

configurations exist at the higher speeds, where the discrepancies appesar
to be aggravated by the rgpid increases with Mach number of these two
parameters. An almost constant difference In level of the values of

The largest differences in the values of

g%}xe is noted in figure 18(f) for the two ranges of center of grevity
with the chord-extension configuration, and the date for the forward
center-of-gravity location gppear 1n better agreement with the dats for
the basic wing conflguration. This effect was anticipated, since the
investigation of references 6 and 7 indicated, for comparsble center-
of -gravity locations, the asirplane with chord-extensions would exhibit
slightly less stick-flxed stability than the unmodified airplane. A
falrly complete discussion of the effects of the chord-extension on
airplane stability was presented in reference 3.
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An gpprecisble amount of the stability parameter data shown in
this psper for the basic wing configuration and the Inboard wing-fence
configuration was also presented in reference 12 in which the data for
the D-558-IT alrplanes being investigated were combined and presented
for speeds up to M =~ 2.0. Since little difference was evident in the

dCy  dBe dFe
do ’ aCy’
urgtions up to M = 1.0, it would appear the values and trends of these
parameters at M > 1.0 would be simllar to those shown in reference 12.

variatlons of and with M for the several config-

Trim characteristlcs.- The varistion with Mach number of the ele-
vator angle requlred to trim the airplane in each of the configurations
investigated, for conditions of 1 g flight at an altitude of 35,000 feet
and at a constant weight of 135,000 pounds, ls shown in figure 19. By

utilizing the values of %gﬁ shown for each configuration in figure 18,
i(]

the original flight data cobtained in each conflgurstlon were corrected

to 1ift coeffilclents that would exist at the previocusly mentioned

conditions.

The elevstor trim curves for the basic wing configuratlon show the

alrplane has positive trim gtability at M $0.82 and a small neutrally
stable region near M =~ 0.85 (fig. 19(a)). Starting at M =~ 0.87, as
speed increased alternate airplene nose-down and nose-up trim changes
occurred to M = 1.03, the maximum speed at which these data were
obtained. For some stebillizer settings the trim changes were severe at
M= 1.0.

Bxcept for a slight difference in the magnitude of the values of
Be Trequired for trim at comparsble stebilizer settings, the elevator
trim curves for all configurations exhibited similar characteristics,
thereby indicating simllar trim stability. The differences in the meag-
nitude of Be requlred for trim probebly result from slight differences
in airplane center of:gravity for the several conflgurations, and also
from possible glight differences in the wing center of pressure which
resulted from the varlous wing modificstions.

Although the trim data obtained on the subject D-558-I1 airplane
were limited to subsonlc and transonic speeds, simllar data were obtained
up to M = 2.0 on the sll-rocket D-558-IF alrplsne (basic wing config-
uration) and are reported in reference 12. Because the trim dstse
obtalned on both airplanes at subsonlc and transonic speeds are in
excellent agreement, and because all confilguretions investigated on the
subject alrplane exhibited similar characteristics, it 1s anticipated
that all configurations investlgated would have trim charscteristics
at supersonic speeds similar to those shown 1n reference 12.
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Relstive elevator-stabilizer effectiveness.- Figure 19(a) shows
+he change in the incremental elevator angle required for trim for a
given change in stebilizer position as Mach number increased. Cross-
plotting the data of figure 19(a) at given Mach numbers provided s
measure of the change in the relative elevator-stabilizer effectliveness

% which is shown in figure 20 as a function of Mach number for the
e
basic wing configurstion. Although both conbrols tend to lose effec-
tiveness at transonlc speeds, it is evident from figure 20 that the
loss in elevator effectiveness is much greater than the comparable loss
in stabilizer effectiveness as M iIncreases. This loss in elevator
effectiveness is serious, since it necessitates the use of appreciably
lerger control deflections for trim and maneuvering in the transonic
reglon, and tends to limit the maneuversbility of the airplane. (See
dsta at M > 0.9, figs. 9 to 1k.)

Although sufficlent trim-stability datas were not obtained for esch
of the configurations to determine the 1ndividual relastive elevator-
stabilizer effectiveness, the relative agreement in all data cobtained

suggests the trends shown for %%b- in figure 20 for the basic wing

. e
configuration would also hold true for each of the wing modificsatlons
investigated.

Also shown in figure 20 are the variations with Mach number of
%—t obtained in other tests of the D-558-II sirplane in elther the
e
basic wing configuration (ref. 12) or the inboard wing-fence configura-

tion (ref. 10). The values of 4y from reference 10 were obtained
e

from elevator trim stability curves, similar to the method used in the

subject tests, for dives from 25,000 to 15,000 feet. The values of

E—'il from reference 12 were obtalned from elevator and stabilizer maneu-~
o :

vers (pull-ups and wind-up turns) et altitudes generslly in excess of

35,000 feet. The agreement shown in figure 20 for the values of E'b
e

over the test Mach number range l1s good. The small discrepancles shown
mey be attributed to the technique and operating conditions under which
these data were obtained, and to the accuracy of determination.
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CONCLUSIONS

Results of a longltudinal handling qualitles investigatlion at sub-
sonic and transonic speeds of the swept-wing Douglas D-558-II research
airplane, in the basic clean-wing conflgurstion and with various wing
modifications designed to alleviate swept-wing instability and pitch-up,
led to the followlng conclusions: '

1. None of the wing modificatlions had an appreclable effect on the
decay in stick-fixed stability (pitch-up) exhibited by the airplene at
moderate angles of attack, perticularly over a Mach number range from
about 0.8 to 0.95. All configurations were considered unsatisfactory
and uncontrollsble in the pilitch-up reglon by the pllots. On the basis
of these tests and oth-r flight and tumnel investigations, it is felt
the posltion of the horizontel tell on this airplane should be lowered
appreclably to obtaln substantial improvement in longitudinal handling
qualities.

2. Wing fences had no spparent effect on the buffeting chsrscter-
istics with slats retracted; however, unlocking the wing slats ralsed
the buffet boundary, below a Mach number of 0.70, eabove that for the
retracted slats condition for the basic-wing, one-fence, and two-fence
configurations. Wing chord-extensions lowered the buffet boundary,
compared with the unmodified airplane configuration, up to a Mach number
of 0.80 and caused an increase in buffet intensity which was objection-
able to the pllot. Moderate buffeting appeared to exist over most of
the lower and moderate 1ift range with the slats fully extended; however,
this configuretion did alleviate some of the pitch-up divergence rate
end appeared to the pllots to provide the grestest improvement in the
longlitudinal hendling characteristlics of the sirplane.

3. At low 1lift coefficlents, the trends in the wvalues of the appar-

ent stabllity parameter %%§ end the elevator control-force parameter

%gﬁ were relatively unaffected by any of the wing modifications inves-
n

tigated. The values of %%ﬁ incressed by a factor of about 6 and the

values of %gﬂ increased by a factor of gbout 11 as Mach number
7,
increased from 0.5 to 1.0.

Lk, The variation with Mach number of the airplane normasl-force-
curve slope CNQ, was little affected by wing modificaetion. Values of

CN@ increased from sbout 0.065 at a Mach number of 0.4 to sbout ¢.093

at a Mach number of 0.9, then decreased wilth further increase in Mach
number.
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5. None of the wing modifilcations had an appreciasble effect on the
trim-stability characteristics of the airplane and all configurations
exhibited simllar trends over the Mach nuwmber range. The airplane was
stable at Mach numbers below about 0.82, and exhibited charecteristic
nose-down and nose-up trim changes between Mach numbers of sbout 0.87
and 1.03%.

6. The loss in elevator effectiveness in the transonic speed range
1s appreciably greater then the comparable loss in stabilizer effective-
ness. The relative elevator-stabilizer control-effectiveness param-

di
eter Egi decreased. from a value of about 0.43 at a Mach number of 0.6
e

to less than 0.2 at & Mach number of 1.0.

High-Speed Flight Station,
National Advisory Committee for Aeronsutiles,
Fdwards, Calif., Merch 22, 1956.



1h

== ] NACA RM H56C30

REFERENCES

Fischel, Jack, and Nugent, Jack: Flight Determination of the Longi-
tudinal Stebility in Accelerated Meneuvers at Transonic Speeds for
the Douglas D-558-II Research Airplane Including the Effects of an
Outboard Wing Fence. NACA RM L53A16, 1953.

Fisgchel, Jack: Effect of Wing Slats and Inboard Wing Fences on the
Longitudinal Stgbility Charascteristics of the Douglas D-558-II
Research Airplene in Accelergted Maneuvers at Subsonic and Prans-
onic Speeds. NACA RM L53L16, 195k.

Fischel, Jack, and Brumn, Cyril D.: Longltudinal Stability Charac-
teristics in Accelerated Maneuvers at Subsonic and Transonic Speeds
of the Douglas D-558-I1 Research Airplane Equipped With a Leading-
Edge Wing Chord-Extension. NACA RM BES5LH16, 195L4.

Fischel, Jack, and Relsert, Donald: Effect of Several Wing Modifi-
cations on the Low-Speed Stalling Characteristics of the Douglas
D-558-II Research Airplane. NACA EM H55E3la, 1955.

Queljo, M. J., and Jaquet, Byron M.: Wind-Tunmnel Investigation of
the Effect of Chordwlse Fences on Longltudinal Stabllity Charac-
teristics of an Ailrplane Model With a 35° Sweptback Wing. NACA
RM L5OKOT, 1950.

Jaguet, Byron M.: Effects of Chord Discontinuities and Chordwise
Fences on Low-Speed Static Longitudinal Stabillity of an Ailrplane
Mcdel Having a 35° Sweptback Wing. NACA RM 1L52C25, 1952.

Jaguet, Byron M.: Effects of Chord-Extension and Droop of Combined
Leading-Edge Flap and Chord-Extenslon on Low-Speed Static Longil-
tudinal Stabllity Characteristics of an Airplane Model Having a
35° Sweptback Wing With Plain Flaps Neutral or Deflected. NACA
EM L52K21a, 1953.

Gracey, William, Letko, William, and Russell, Walter R.: Wind-Tunnel
Investigation of a Number of Total-Pressure Tubes at High Angles
of Attack - Subsonic Speeds. NACA TN 2331, 1951. (Supersedes
NACA RM L50G19.)

Queijo, M. J., and Wolhart, Walter D.: Wind-Tunnel Investigation of
the Erfects of Horlzontal-Tall Position on the L.ow-Speed Longitu-
dinal Stebility Characteristics of an Airplane Model With a 35°
Sweptback Wing Equipped With Chordwise Fences. NACA RM L51HLT,

1951.



NACA RM H56C30 S . 15

10. Sjoberg, S. A., Peele, James R., and CGriffith, John H.: Flight
Measurements With the Douglas D-558-II (Bufero No. 37974) Research
Airplene. Statlic Longitudinal Stability and Control Character-
istics at Mach Numbers Up to 0.87. NACA RM L50K13, 1951.

11. silvers, H. Norman, end King, Thomas J., Jr.: Investligation at High
Subsonic Speeds of the Effects of Various Underwing External-Store
Arrangements on the Aerodynemic Characteristics of a l/l6-Scale
Model of the Douglas D-558-II Research Airplsne. NACA RM L55D11,
1955.

12. Ankenbruck, Hermsn O.: Determination of Longitudinsl Hendling Qual-
ities of the D-558-IT Research Airplesne at Transonic and Super-
sonic Speeds to a Mach Number of About 2.0. NACA RM E54G29a, 195L.



INDEX (F AIRPLANE CONFIGURATTONG INVESTIGATED

Location of Figmres ahowing Figures showing
Adrplane conflgursticn conter of gravity emfiguration :ﬁigﬂ:zif
Basic wing (no fences)
Slats retracted (locked closed) 0.249% to 0.2738 2,5 9(a), {b), {c), (D)
Slats unlocked 0.2458 to 0.2598 9(e), (2)
Inhoard wing fences
Blata vetracted 0.251% to Q.261E 1,3 10(a), (b), {(a), (&)
Slats unlocked 0.258 10(e), (£)
Irboard end cutboerd wing fencoez .
Slats retracted ) 0.2463 to 0.2625 3, b 11(n), (b), (e)
Slats unlocked 0.2668 to 0.26TC 11{4)
Wing elata fully extended 0.2528 to 0.2698 5 12(a), (b), {c), (@)
(no wing fencas)
Wing alata fully extended and 0.2548 to 0,2668 5, 6 13(a), (v), (o), (&)
inboard wing fences
Wing lesding-sdge chord-sxtensions 0.226¢ to 0.24TC 7, 8 1{a), (b)
(no fences, slata retracted) 0.2008 to 0.2628
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Wing:

PHYSICAL. CHARACTERISTICS OF THE URBMDDIFIED

TAELE IT

DOXEAS D-558-IT ATRFLARE
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Figure 1.- Three-quarter front view of Dougles D-558-I1 airplane.
fences shown installed on wing.
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Figure 2.- Three-view drawing of the Douglas D-558-IT resesrch alrplane.
All dimensions in inches.
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Airptane center line
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‘ 0.087 Flap
<

Section 36 percent semispon

Wing fence 7
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Slat
Section 73 percent semispan

Figure 3..- Plan form end sections of the wing of the D-558-II airplane
showing the location and shape of wing fencea (stall-control vanes)
ueed In the Investigation.
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Flgure 4.~ Photogreph of the D-558-II wing, showing the inboard epd out-
board fences (ptall-control venes) on the wing.
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Airplane ¢
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Wing slot
Fully extended
=65 /— —Slat closed
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o
’/
Slat fully— /,4\3.26
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~
leg.95 “~~—Path of siat travel

Section A-A (enlarged)
Figure 5.~ Plan form and sections of the wing of the D-558-II airplane

showing details of the wing siat 1n the retracted and extended
positions.
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Airplane ¢
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y 0.68 b/2

9.25¥

Wing chord extension

Originai wing profile
————é g — —=———

Wing section at station 102

Figure T.- Plan form and section of the wing of the D-558-II airplane

showing the wing leading-edge chord-extension configuration.



E-927
Figure 8.~ Photograph of the wing of the D-558-IT airplene showlng the wing
leading-edge chord-extension configuration.
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Figure 9.~ Static longlitudinal stability characteristics of the
Douglas D-558-1I research alrplane 1n turning flight. Basic
wing configuration.
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(b) hp =~ 29,800 feet; it = 1.67; center of gravity at 0.262%;
slats retracted.

Filgure 9.- Continued.
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Figure 9.- Continued.
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Figure 9.- Continued.
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(a) hy, =~ 23,300 feet; 1y = 2.2%; center of gravity at 0.259%;

slaets retracted.

Figure 10.- Static longltudinel stabllity characterlistics of the

Douglas D-558-II research airplene in turning flight. Inboard
wing-fence configuration.
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Figure 10.- Continued.
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Figure 10.~ Continued.
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Figure 1ll.- Static longitudinal stability characteristics of the
Douglas D-558-IT research airplane in turning flight. Inboard
and outboard wing-fence configuration.
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Flgure 12.- Statlic longitudinal stability characteristics of the
Douglas D-558-IT research sirplane in turning flight. Wing
slats fully extended; no wing fences.
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Figure 12.- Continued.
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Figure 13.- Static longitudinel stability characterlistics of the
Douglas D-558-IT research airplane in turning flight. Wing
slats fully extended and inboard wing fences.
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Figure 13.- Continued.



L8 R NACA RM HS6C30

L2
a
o 8
1O 5%
oT
o
8 40
, o Pull Lo0®° o
CN @cp
o a
6 = 20 3
Fa, Ib ]
4 ! o} o
2 & 2 QO
% | 2 3 4 5
an, 9
12 - - _ -
5 oS coo | - Ooobo:
o @g o 0
Se, deg o o] jﬁ) o o)
4o o oo
0 Z 8 i 620 2 4 6 8 16 12
a, deg Cn

(c) hy, =~ 28,500 feet; 1. = 2.3%; center of gravity at 0.258c.

Figure 13.~ Continued.



NACA RM H56C30 ORI kg

a, deg Cn

- (a) b, = 35,150 feet; center of gravity at 0.25c.

Figure 135.~ Concluded.



50 S NACA RM H56C30

M -
c E[}moo‘l ° ° gl
12
10 - J—O%D
o]
8 009
. O Pull Do
oy 3 % o8
Fe.lb
4 (o)
2 205 2 3 2
.9
12 o e .
4 - %
fal © ° °
g ou - hed
3,deg >
4
0 4 8§ 12 i6 20 - 4 6 8 1] 2
a,deg Cn

(a) hy, = 23,500 feet; iy = 1.7°%; center of gravity at 0.2413.

Figure 14.- Stetic longitudinel stability characteristics of the
Douglas D-558-II research ailrplane in turning flight. Wing
leading-edge chord-extension configuration.

13



NACA RM H56C30

12
O- L
10 S
O
oO (o]
Es) fDO
Cn 6 $§§
4 4}§
2-@-‘@
)
2
N - [s]
it, deg cgrEFaro oo o [O ~
oL
U2
P LOOO c o Ik (s}
8 g | o]
[m}
3g,deg 47’3
£
:’-:7
4 2 8 2 6 20 24

(b)

a, deg

51
120
100 3
S| o
&2
(o]
Q
(o]
S
a
]
40 é§g9
Fe.ib 20 %
o ér; O
o
Q
60 g__Q.o_o
s
8% 2 3 42 5
an,d
Jﬁ@_:@ co!:ooo d a8 58 ®
odp o|loo
(o]
o=
(s
(o]
o]
o
(o] 2 4 6 B [Xe] T2

Figure 1k.- Concluded.-

Cn

hp =~ 32,000 feet; center of gravity at 0.2L6C.
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Figurc 15.- Effect of eeveral wing modifications on the apperent stick-fixed stability

characteristics of the D-558-II airplane at two representative Mach mumbers.
(8¢ values corrected to zero pitching acceleration, )
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Figure 16.- Effect of wing modifications on buffet boundary of the
D-558~TT airplane.
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Figure 17.- Effect of several wing modificetlons on the varietion of
Cn - with Mach number for the Douglas D-558-IT research airyplane.
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Figure 18.-~ Effect of several wing modifications on the variation of
8e/dCy and dFe/da, with Mach number for the Douglas D-558-IT

research airplane.
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Figure 19.- Effect of several wing modifiications on the variation with
Mach number of the elevator deflection required to trim the Douglas
D-558~I1 research airplane. hy = 35,000 feet; W = 13,000 pounds;

an = l.
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Figure 20.- Varilation with Mach number of the relative elevator-stabllizer
effectiveness of the Douglas D-558-IT research airplane. Basic wing
configuration.
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